NOTICE:  Nhen  govexmaent  or  other  dravlogSi  speci¬ 
fications  or  other  data  are  used  for  any  purpose 
other  than  in  connection  vlth  a  definitely  related 
gOYemment  procurement  operation^  the  U.  S« 
Oovemnent  thereby  incurs  no  responsibility^  nor  any 
obligation  ^^tsoever;  and  the  fact  that  the  Oovexn- 
ment  nay  have  fomilated,  furnished,  or  in  any  way 
supplied  the  said  drawing,  specifications,  or  other 
data  is  not  to  be  regarded  by  In^lication  or  other¬ 
wise  as  in  any  nanner  licensing  the  holder  or  any 
other  person  or  coloration,  or  conveying  any  rights 
or  pexnission  to  nanufskcture,  use  or  sell  any 
patented  Invention  that  may  in  any  way  be  related 
thereto. 
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Abstrod 

Environment  sensing  is  defined  as  the  collecting  of  sufficient  information  in 
useable  form  concerning  one's  environment  to  permit  safe  mobility.  Primary 
emphasis  is  placed  upon  the  design  of  a  device  suitable  for  use  by  the  blind.  How- 
ever«  several  other  important  applications  await  its  completion.  It  is  assumed 
that  environment  sensing  should  be  accomplished  with  passive  devices*  that  is*  no 
transmitters  or  special  light  sources  should  be  needed*  and  that  the  environment 
sensing  device  should  produce  no  degradation  of  the  sense  of  hearing.  Two  devices 
are  described:  One  accepts  light  approaching  over  a  very  small  solid  angle;  the 
other  accepts  light  over  a  reasonably  large  but  adjustable  solid  angle.  The  geome¬ 
trical  problems  associated  with  the  use  of  these  sensors  are  discussed  in  some 
detail.  Finally*  environment  sensing  is  described  in  terms  of  eleven  simple 
problems  suitable  for  a  theoretical  mechanical  man  (machine)  to  solve.  A  blind 
human  being  should  be  able  to  solve  at  least  these  eleven  problems  if  provided  with 
a  suitable  transducer  for  relaying  the  information  to  his  brain.  A  transducer  using 
the  sense  of  touch  is  suggested  as  being  most  desirable.  Both  the  sensing  device 
and  the  transducer  appear  to  be  physically  realizable  with  solid-state  electronic 
circuitry. 
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Environment  Sensing  •  A  New  Approoch 
to  the  Design  of  on  Electronic 
Aid  for  the  Blind 


1.  WTRODUCnON 

To  those  who  have  eyes*  environment  sensing  is  not  a  problem.  To  those  who 
do  not  have  eyes*  it  is  an  almost  insurmountable  problem.  A  precise  definition  of 
environment  sensing  as  performed  by  those  who  have  eyes  is  exceedingly  difficult 
because  complex  functions  of  the  brain  are  involved*  and  no  one  knows  exactly  how 
die  brain  works.  A  great  simplification  in  the  problem  can  be  made  by  saying  that 
the  envirmiment  is  "seised"  when  sufficient  information  has  been  collected  to  permit 
an  indivhhial  to  move  about  safely*  Safe  mobility  in  various  environments  is  an 
objective  for  certain  types  of  unmanned  v^iicles  as  well  as  for  the  blind. 

In  designing  any  (tevice*  it  is  well  to  examine  the  characteristics  of  existing 
devices  diat  perform  similar  or  related  functions.  The  eye-brain  combination 
certainly  provides  an  excellent  example  to  follow  -if  we  were  only  capable  of  diqili- 
cating  iti  Since  the  blind  man  usually  has  a  very  capable  brain*  we  need  only 
provide  the  proper  ^-functlcms  -  still  a  formidable  tasld  The  camera  may  also 
be  considered  an  environment  sensor.  It  can  produce  an  excellent  r^roducthm  of 
the  environment  it  "sees* "  but  the  informaticm  in  this  reproduction  is  not  readily 
available  for  the  brain  to  use.  The  optics  of  the  camera  and  the  eye  arb  similar* 
however*  and  can  be  duplicated  easily.  The  bat  senses  his  envircmment  by  emitting 
and  collecting  vibrations*  both  sonic  and  ultrasmiic*  in  the  atmosphere.  He  uses 
the  sense  of  hearing  instead  of  sight.  Since  radar  and  scmar*  operating  on  the  same 
princiide  as  that  used  by  the  bat*  have  been  perfected*  many  attempts  have  been 
made  to  construct  radar-  or  sonar-like  devices  to  aid  the  blind.  ^  These  devices 
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hAv»  ftMrally  b««n  coupltd  to  tho  blind  man's  brain  tiiroui^  hit  aanaa  of  baaring  - 
a  aanaa  that  ia  axtramaly  important  to  him  in  ita  own  right.  Tha  improvamant  in 
anvironmant  aanaing  provldad  by  thaaa  davioaa  haa  uanally  baan  olfaat  1^  tha 
dagradattai  to  tha  aanaa  of  haaring.  A  dog  ia  ci4>abla  of  aanaing  hia  anvironmant 
fairly  wall  uaing  only  hia  aanaa  of  amaU«  but  wa  know  of  no  way  to  duplicata  thia 
capability. 

A  blind  man  can  uaa  hia  hands  to  faal  naar-by  objacta*  and  ha  can  axtand  hia 
ranch  with  a  cana.  Tha  uaa  of  a  cana  ordinarily  involvaa  tha  uaa  of  both  tha  aanaa 
of  touch  and  tha  aanaa  of  haaring.  If  wa  can  find  a  way  of  axtanding  tha  blind  man's 
ranch  widiout  uaing  a  cana.that  ia,  a  way  of  latting  him  datarmina  tha  praaanea, 
ahapa,  ate. ,  of  distant  objacta  through  hia  aanaa  of  touch,  than  parhapa  ha  can 
laam  to  racognisa  objacta  at  a  distance  and  avantually  ba  abla  to  parambulata 
aafaly  without  difficulty. 


2.  APPROACH 

If  wa  consider  anvironmant  aanaing  as  a  communicationa  problem,  a  new  ap¬ 
proach  to  ita  solution  bacomas  apparent.  Figure  1  illuatrataa  a  typical  communi¬ 
cationa  system  as  daacribad  by  Shannon,  ^  with  an  additional  block  for  storage  of 
information  and  one  to  indicate  action  produced  as  a  result  of  maaaagaa  racaivad. 


NOISC 

SOURCE 
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i«SSAGeLJ,iicnor, 

SOURCE  r^™COOER| 


HCHANNCt 


OCCOOCR 


m 


MESSAGE 
SINK 


ACTION 


Figure  1.  Typical  Cmnmimication  System 


Wa  may  conaidar  tha  signals  coming  from  an  anvironmant  amiaor  as  balng  an 
encoded  massage  describing  tha  anvironmant  Since  the  dascr^Rion  will  probably 
not  ba  entirely  accurate,  each  massage  will  corraipood  to  a  more  aecurala  massage 
that  haa  baan  garbled  by  tha  ackUtion  of  a  certain  amomit  of  "noise* "  "%asa  noisy 
massages  <toscribing  tha  anvironmant  must  aom^iow  ba  "channalad"  into  Uia  brain. 
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which  of  couroo  U  tho  ''meosago  gink.  **  The  brain  certainly  posgeageg  adequate 
storage  for  comparison  of  one  message  with  another*  and  for  recognising  well- 
defined  characteristics  of  particular  messages.  It  would  seem  that  almost  say 
of  environment  sensor  could  be  used*  as  long  as  it  actually  produced  recognisable 
messages  which  could  be  put  into  correspondence  with  the  environment. 

Oteervation  of  the  manner  in  which  children  develop  a  ciq>ability  to  Judge  dis¬ 
tance  and  estimate  the  sise  of  objects  indicates  that  there  is  a  considerable  amount 
of  'learning"  involved  in  the  use  of  our  eyes  to  sense  our  environment.  Apparently* 
learning  can  take  place  by  comparing  die  new  or  unfamiliar  with  the  known.  This 
indicates  that  our  artificial  environment  sensor  must  not  only  provide  a  recogni¬ 
sable  message  for  known  objects*  but  it  must  also  be  able  to  indicate  relationships 
between  various  objects. 

Studies  of  the  optics  of  the  eyes  usually  do  not  involve  the  system  of  muscles 
which  control  eye  motions  and  thp  muscles  of  the  neck  which  control  the  position  of 
the  head.  Certainly*  the  brain  is  aware*  either  consciously  or  unconsciously*  of 
the  action  of  these  muscles  and  learns  to  interpret  visual  signals  with  respect  to 
die  corresponding  muscular  action  or  position*  or  both.  Gibson^  gives  considera¬ 
tion  to  factors  other  than  the  physical  optics  involved.  His  interpretation  of  the 
"Visual  World"  indicates  the  importance  of  the  background  in  identifying  objects* 
and  in  fact*  in  all  environment  perception.  If  environment  sensing  information 
could  be  channeled  to  a  blind  man's  brain  throu^  the  skin  on  his  face*  then  it  would 
be  possible  to  attach  the  sensor  to  his  head  so  that  he  could  focus  it  on  any  object 
he  wished;  this  focusing  would  be  done  in  much  the  same  manner  that  people  with 
eyes  look  at  anything  they  choose.  Or*  if  the  sense  elements  on  the  fingers  were 
chosen*  then  he  would  be  able  to  "feel"  objects  at  a  distance.  Ideally*  a  sensor 
coiqiled  to  the  head  would  be  more  suitable*  because  then  it  would  permit  the 
muscles  which  control  the  position  of  the  head  to  be  used  in  the  same  way  that  a 
persmi  who  can  see  uses  them.  The  hands  would  then  be  left  free. 

The  eye  is  a  sensor  which  makes  use  of  rays  that  come  to  it  naturally. 

It  thus  senses  the  enviromnent  wittiout  transmitting  energy  in  the  manner  of  bats 
and  nuSar  or  s<mar  devices.  If  we  wish  to  emulate  the  eye  insofar  as  possible* 
then  we  should  design  a  passive  sensor;  that  is*  it  should  not  radiate  energy  in  any 
form*  Figure  2  illustimtes  in  block  diagram  form  the  nature  of  our  problem.  The 
light  source  m^  be  ihm  sim  or  any  other  external  li^.  Thm  sensor  is  required  to 
process  this  refie<^ed  li^  so  that  messages  describii^;  it  will  be  fed  ttirough  the 
transchieer  into  thq  human  brain.  In  keeping  with  our  <Minitimi  of  environment 
sensing*  the  brain  is  then  required  to  ask  for  movements  in  the  environment*  If 
the  process  is  accomplislmd  correctly*  the  movements  will  avoid  collisions*  pitfalls* 
etc.  Figure  3  illustrates  the  same  envir<mment  sensipg  problem  in  a  more  objec¬ 
tive  manner.  Here*  a  computer  is  asked  to  program  safe  movements  mi  the  basis 
of  informatUm  received.  The  transducer  problem  is  thus  avoided. 
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Figure  2.  Informaticm  Flow  for  Enviromneiit  Soneing 


Figure  3.  Objective  Environment  Sensing  Problem 


The  trsnsducer  which  carries  the  environmental  Information  from  the  sensor 
to  the  central  nervous  system^  and  thence  to  the  brain,  is  limited  both  bx  ttie  mm- 
her  of  sense  receptors  available  and  by  the  frequencies  to  which  they  are  capable 
of  responding.  The  fact  that  the  number  of  receptors  per  square  centimeter  is 
greater  on  the  fingertips  than  in  odier  areas,  indicates  that  at  least  for  esperimen- 
tal  stttches.  artificial  sensors  should  be  coiqiled  to  ^  brain  through  die  fingertips. 
However,  until  more  is  known  about  the  actual  iitformation  capacity  required,  the 
use  of  receptors  on  the  skin  of  the  face  near  the  eyes  should  not  be  ruled  out.  A 
crude  transducer  consisting  only  of  a  vibrating  'Vhisker**  which  could  touch  a 
number  of  receptors  as  it  vibrates,  might  be  capable  of  carrying  die  information 
required.  At  least  one  investigation  of  the  response  from  electrical  current  ipplied 
to  the  skin  about  the  eye  has  been  made.  ^  Further  eaqperimentation  will  be  neces¬ 
sary.  however,  in  order  to  determine  the  frequency  discriminatioa  capability  oi 
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tkin  with  various  feasible  transducers.  The  feasibility  of  using  direct  electri¬ 
cal  inputs  for  environmental  information  is  also  in  need  of  further  experimentation. 

Regardless  of  the  method  of  coupling  used,  it  is  unlikely  that  the  quantity  of 
information  carried  over  die  optic  nerve  could  ever  be  carried  over  an  artificial 
transducer.  However,  environment  sensing  need  not  be  as  complete  as  that  pro¬ 
vided  by  the  eyes  in  order  to  be  of  considerable  value.  Further,  when  we  speak  of 
safe  mobility,  we  do  not  at  the  outset  ask  for  rwipid  safe  mobility.  In  other  words, 
a  first  approach  would  permit  the  blind  person  to  take  plenty  of  time  in  sensing  his 
environment.  The  process  should  be  considered  a  success  if  it  is  accurate  even 
though  somewhat  slow  and  admittedly  incomplete.  In  analogy,  the  hands  take  a 
considerable  amount  of  time  in  sensing  the  shape  of  objects  which  the  eyes  can 
sense  at  a  glance.  Nevertheless,  given  enough  time  the  hands  can  determine  the 
shape  accurately. 

To  summarize  our  approach  to  the  design  of  an  electronic  aid  for  the  blind: 
we  wish  to  process  natural  light  in  such  a  manner  that  its  effect  will  be  "felt"  by 
selected  portions  of  a  blind  man's  skin,  perhaps  on  his  fingertips,  but  preferably 
on  this  face  (ideally  on  the  skin  under  an  ordinary  pair  of  eyeglasses).  We  shall 
use  a  mechanical  man  (machine)  to  illustrate  the  problems  to  be  solved  by  the  brain 
when  a  proper  transducer  is  provided. 


3.  SENSING  DEVICES 

Before  transistors  and  solid  state  electronic  circuitry  were  available,  it  was 
accidei (tally  discovered  during  some  laboratory  experiments  that  natural  reflected 
light  passing  through  two  pinholes  would  produce  some  very  interesting  outputs  from 
a  photomult4»lier.  *  When  the  output  of  the  photomultiplier  was  amplified  and  con¬ 
nected  to  a  pair  of  earphones,  it  was  possible  to  detect  variations  in  the  texture  of 
objects  in  the  field  of  view.  The  electronic  equipment  required  to  provide  the 
desired  ou^t  was  too  bulky  to  permit  exploitation  of  the  phenomenon  at  d&e  time. 
Also,  a  brief  investigation  of  other  efforts  to  aid  the  blind  by  using  the  sense  of 
hearing  indicated  that  any  such  ^vice  would  be  doomed  to  failure.  More  recent 
studies  of  the  nervous  system^*  ^  have  led  the  author  to  the  conclusion  that  informa¬ 
tion  concerning  the  texture,  etc. .  of  distant  objects  can  be  channeled  to  the  brain 
through  the  sense  of  touch.  The  signals  which  reach  the  brain  through  such 
chaimels  will  be  trains  of  pulses,  as  all  nerve  signals  are.  If  each  set  of  such 
signals  represents  a  particular  characteristic  in  the  environment,  the  brain  should 
be  able  to  learn  the  correspondences.  We  may  thus  leave  die  complex  decoding  to 
the  brain  and  concentrate  on  obtaining  a  device  which  will  produce  different  sets  of 
signals  (messages)  as  it  views  diHerent  portions  of  the  environment. 

^Research  recorded  in  AFCRL  Communications  Laboratory  Notebook  No.  55. 
September  1947. 
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Figurt  4  lUustratM  a  higlily  diraetiontl  optieal  &mmor.  Tha  two  (unali  aim- 
turaa«  O  and  F«  raatriet  tha  whkh  can  ranch  Ilia  light  aanaitiva  call  C*  U  tha 
apartura  O  la  of  propar  alsa«  it  will  focus  tha  Imago  of  all  objaets  in  tha  field  of 
viaw  onto  tha  plana  of  tha  sacond  apartura  F  In  tha  aama  mannar  as  tha  apartura  of 
a  pinhola  camera  focuses  an  image  on  tha  film.  In  keeping  with  tha  Fresnel  theory 
of  diffractim*  tha  apartura  O  should  subtend  approximataly  nlna*tanths  of  a 
Fresnel  sons  as  measured  at  tha  plana  of  F.  Tha  else  of  tiia  apartura  F  Is  not  so 
easy  to  datarmina.  Apartura  O  will  act  as  a  somewhat  crude  point  source  for 
apartura  V,  and  hanca  tha  light  passing  through  F  wHl  be  subject  to  further  diffrac* 
tion.  It  is  relatively  easy  to  make  tha  photocell  C  large  enough  to  encompass  all 
11^  which  passes  through  F;  so  tha  sisa  of  i^rtura  F  must  be  datarmlnad  by  other 
considerations.  For  an  azcaadingly  narrowbaam  directional  sensor,  it  would  seam 
that  i^rtura  F  should  be  tha  same  sisa  as  iqpartura  O.  Furtiiar  azparlmastatioas 
is  naadad  in  order  to  datarmina  tha  bast  sisa  for  producing  racognisabla  outputs 
whan  tha  sensor  scans  various  textures.  Actually,  as  it  will  be  shown  later,  it  is 
not  the  relatively  constant  ou^ut  that  comas  from  viewing  any  particular  surface 
that  is  most  useable;  rather,  it  is  tha  more  pronounced  change  in  response  produced 
wimn  tha  sensor's  field  of  viaw  passes  from  one  object  to  anodiar,  or  past  a  sharp 
comer  or  edge  of  an  object. 

The  schematic  drawing  of  an  amplifier  A  and  a  battery  in  Figure  4  is  included 
only  to  indicate  that  all  should  be  In  tha  same  fdiysical  unit.  With  soUd-stata 
circuitry,  a  photosensitive  call,  an  amplifier,  and  a  source  of  power  should  be 
exceedingly  small.  Also,  the  transducer  to  which  the  ou^mt  would  have  to  be 
coiqded  should  be  tiny. 


Figure  4.  Highly* directional  Optical  Sensor, 
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Figure  5  thaws  s  sensor  which  will  accept  e  larger  solid  an^  of  light.  Of 
course*  the  same  wi<tor  angle  can  be  produced  by  enlarging  i^perture  F  instead  of  O. 
And*  reducing  the  distance  between  O  end  F  will  also  increase  die  angle  of  bbser* 
vation.  If  aperture  O*  aperture  F*  or  die  distance  between  O  and  F  can  be  made 
adjustable*  sensing  c^iabilities  will  be  considerably  increased.  Even  widiout 
adjustment*  this  wide-angle  directional  sensor  should  be  helpful  in  locating  d»Jects 
diat  cannot  be  found  easily  with  the  more  directicmal  sensor.  The  electronic 
circuitry  fbr  the  wide-angle  sensor  is  essentially  the  same  as  that  for  die  more 
directicmal  one.  However*  some  distinguishing  features  may  be  needed  in  the 
transducers  provided  for  them.  Amplitude  and  f resiliency  of  vibration  and  positimi 
on  the  skin  are  parameters  readily  available  for  variatUm  in  a  transducer  operating 
on  the  sense  of  touch. 

If  the  sensor  shown  in  Figure  4  is  capable  of  "recognising"  various  textures* 
the  edges  of  objects*  etc.  *  thm  it  has  rougddy  the  c^;iabilities  of  a  very  smell  group 
of  rods  on  the  retina.  Thus*  the  c^abilities  of  the  sensor  do  not  represent  much 
true  "vision* "  However*  if  the  sensor  can  be  placed  in  prescribed  positions  and 
oriented  properly  in  the  environment*  a  considerable  amount  of  environment¬ 
sensing  information  can  be  collected.  The  arrow  shown  in  Figure  4  is  used  in 
some  of  the  succeeding  figures  to  indicate  the  position  and  orientation  of  the 
sensor  as  it  gathers  information. 


Figure  5.  Wide-angle  XHrectUmal  Sensor. 


4.  OBmiTlIiCAL  CCMCDKRATXMB 

The  maimer  in  which  Uie  two  types  of  sensors  can  collect  informaticm  shout  the 
environment  surrounding  them  requires  a  number  of  separate  considerations.  This 
portion  of  the  problem  is  broken  into  the  two  major  parts:  Height  Sensing  and 
Distance  Sensing. 
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4.1 

U  we  locate  the  direetioiial  eeneor  of  Figitre  4  a  known  dletance  above 
a  plane  eurface  and  allow  tiie  eeneor  to  rotate  about  the  point  P  In  a  vertleel  plane, 
then  there  are  two  elmple  meant  of  tenting  the  height  of  objects  which  appear  In 
the  tentor*t  field  of  view.  Figure  8  lUustrates  height  tensing  when  distance  it 
known*  In  thit  figure: 


h^  ■  ht  -  a  tan  |a 


“b  " 


■  h_  +  c  tan 


^ 


1^ 


<i> 

<a) 

(S) 


Wigaan  7  ri»awa  «  matliod  of  Monnlniiic  by  eonpurteon  wttb  m  otajoct  of 

hnoini  hof#it  (In  tUs  omo  on*  of  boight  h^K  Horo 


(4) 


(»> 


9 


Figure  7.  Height  Sensing  by  Coni|>erison  with  sn  Object  of  Known  Height. 


where 

n  «  number  of  standard  objects,  placed  one  on  top  of  another  at  the  distance  of 
the  unknown  object,  required  to  reach  a  height  greater  than  that  of  the 
unknown  object. 

Either  of  these  trigonometric  expressions  can  easily  be  evaluated  by  a  com¬ 
puter.  However,  it  is  more  likely  that  human  beings  use  a  comparative  method 
instead  of  evaluating  these  expressions.  The  examples  given  serve  only  to  illus¬ 
trate  some  of  the  techniques  that  can  be  used  in  sensing  the  environment. 

Gibson's^  statement,  "The  spatial  character  of  the  visual  world  is  given  not  by 
objects  in  it  but  by  the  background  of  the  objects, "  leads  us  to  a  set  of  compari- 
smis  which  makes  use  of  the  background  as  a  scale  for  determining  height-distance 
information. 

Figure  8  shows  a  scale  at  a  known  distance  D  as  the  background  for  an  observed 
object.  The  sensor  at  F  tells  us  the  hei^  of  the  observed  object  if  its  distance 
from  O  or  D  is  known.  Or,  it  tells  us  these  distances  if  the  object's  height  is  known, 
since  the  similar  triangles  imply  that 

(.) 

b 

This  relatkmship  can  be  used  repeatedly  to  establMi  the  hei^  or  distaiiee  of 
many  injects.  The  fact  tiiat  each  new  o^ect  measured  becomes  a  new  and  better 
scale  for  all  nearer  dejects  (and  a  useable  scale  for  the  more  distant  if  extra¬ 
polation  is  used)  soon  leads  to  a  rather  complete  calibration  of  all  objects  in  the 
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fteld  of  viow.  Although  horo  wo  hovo  coiuiidorod  only  o  olnglo  vortJcol  piano  paooing 
through  F,  it  is  not  ditt icult  to  irloualiso  comparliif  tiio  hoight  of  objocto  in  ooo  ouch 
piano  with  ^t  of  objocta  in  anolter  vorUeal  piano  paaaing  tbrouigi  F.  Tho  aonoor 
of  Figuro  4  can  mako  auch  comporiaona  oaaiiy*  ainco  ttio  angloa  of  obaorTOttona  can 
bo  markod  on  tho  acalo  of  a  rotatahlo  protractor.  Rotatioii  M  Hio  aonaor  about  F  in 
a  horiaontal  piano  dooa  not  chango  tho  problom  of  moaauring  hoight*  or  diatanco 
from  tho  aonaor. 

A  largo  number  of  obaorvattaia  of  tho  typo  prooioualy  doacribod  taken  from  a 
ainglo  point  could  bo  uaod  by  an  oloctronic  computer  to  calibrate  tiio  onoironmont 
of  tho  aonaor  in  cylindrical  coordtnatoa  (aoo  Figaro  9).  The  an^o  4  ia  of  no 
conao^uonco  in  tho  actual  height  noaouromonl  03»opt  to  indie ato  that  any  number  of 
oortieal  i^anoa  paaaing  through  W  may  bo  eonaidtrod.  Thia  angle  la  important* 
howooer*  in  oatabliahing  die  orlgatatton  of  objocta  with  respect  to  the  aonaor.  The 
diatanco  r  from  tho  aonaor  F  to  any  object  may  bo  found  item  the  equation 

r  ■  p  ain  9  (7) 

ami  tho  hoight  h  of  any  object  la 


(9) 


h  •  p  coo  $ 


n 


Figure  9.  Height- distance  Data  in  Cylindrical  Coordinates. 


The  transformation  from  observations  of  the  type  shown  in  earlier  figures  to 
the  cylindrical  coordinates  of  Figure  9  is  the  conventional  one: 

X  »  p  sin  9  cos  4 
y  •  p  sin  9  sin  4 
s  »  p  cos  9 

where  for  each  observation  to  determine  x,  4  ”  0,  and  for  each  observation  to 
determine  y*  4  ”  y « 

Even  with  this  comj^etely  calibrated  environment*  the  exact  height  and  dis¬ 
tance  of  a  new  object  placed  at  random  cannot  be  computed*  If  its  hei^  or  its 
distance  could  be  determined  by  smne  other  means*  however*  then  the  other  would 
be  immediately  available. 


4S  DIstttiet  Stntliif 


TIm  dirtetioiial  Miuior  of  Figaro  4  con  bt  uMd  f6r  diotoaeo  MMlag  by  himbo 
of  Mloetod  oboomtioiifl  tekon  m  Urn  ooiioor  rotalM  la  a  horiiontal  plaaa.  But  thia 
mottiod  inyclvB  eompariaoa  with  soma  knowa  ataadard  diataacaa  or  a  aaHaa  ^ 
''aightlaga'*  aimllar  to  those  taken  la  establishing  the  positioa  of  a  ship.  If  a  kaown 
diatanee  acale  ia  located  in  a  suitable  position  witti  respect  to  an  object  whose 
distance  ia  unknown^  it  is  possible  to  determine  distances  by  the  means  illustrated 
in  Figure  8.  We  simply  consider  a  horiaontal  plane  instead  of  a  vertical  one.  this 
procedure  is  very  unrealistic«  however*  since  such  suitably-placed  distance  scales 
are  seldom  found  in  nature. 

Figure  10  illustrates  a  method  of  establishinit  a  vessel*s  positloo  vdien  three 
kaown  landmarks  A*  B,  C  are  visible.  Voorhis®  describes  the  use  of  this  method 
ia  great  detail.  Briefiy*  it  involves  measuring  the  angles  or  and  fi  from  the  ship's 
position  O  <or  that  of  our  directional  sensor)  and  then  adjusting  a  diree-armed 
protractor  so  that  the  lines  dj^*  d^*  and  pass  through  points  A*  B*  C*  respec¬ 
tively*  on  a  chart  where  the  points  are  kaown*  while  the  angles  a  and  ^  remain 
Used.  Voorhis  also  describes  Bessel's  method  (which  is  a  great  deal  simpler)  of 
orienting  a  plane  table  in  surveying*  or  establishing  a  vessel's  position*  by  using 


Figure  10.  Distance  Measurement  Using  Three  Known  Foiats< 
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ftuxiliary  lints  shown  in  Figure  11*  Here,  the  position  O  is  found  by  simply 
drswing  two  lines  from  points  A  end  B  so  that  the  angles  a  and  fi  are  formed  as 
shown  in  the  figure.  If  a  line  is  then  drawn  tiirough  the  intersection  of  ttiese  two 
lines  (point  E)  and  the  point  B.  its  eictension  wUl  pass  through  the  vessel’s  position 
O.  Finally,  a  line  is  drawn  from  C  such  that  it  makes  an  an^e  4  with  respect  to 
line  CA.  4  being  determined  by  lines  AE  and  EB.  (The  other  angle  CEB  may  be 
used  at  point  A  Just  as  well. )  This  line  will  intersect  the  extension  of  EB  at  the 
vessel's  position  O.  Thus,  we  see  that  the  posithm  is  established  by  using  a  simple 
protractor  and  straight  edge,  and  only  four  lines  need  be  drawn.  If  we  wish  to  avoid 
graphical  methods  to  establish  the  sensor's  position.  O.  we  may  program  our  com¬ 
puter  to  solve  the  following  equations  for  the  distances  d|^.  d^.  d^  in  Figure  10 


from  the  sensor  to  the  three  points: 

1^2  «  ^^2  ^  .  Sdj^d^  coa  a 

(10) 

c*  •  *•'  ^ 

(11) 

b*  •  d^^  +  d^*  -  ^^A^  (o  +  ^) 

(12) 

Figure  11.  Auxiliary  Lines  Used  in  Bessel's  Method  of  Orienting  a  Plane  T^e. 


14 


where 

a  -  BC 

b  «  AC 
c  »  AB 

These  equations  may  be  replaced  by  others  derived  using  the  auxiliary  lines 
shown  in  Figure  11.  Besides  describing  both  of  these  methods  of  determining 
position,  Voorhis^  provides  convenient  transformations  to  Cartesian  and  polar 
coordinates  and  a  representation  in  b4>olar  coordinates.  • 

Figure  12  shows  a  particular  case  of  great  importance  to  environment  sensing 
in  the  civilized  world.  The  three  points  A,  B,  C  in  this  figure  represent  the  three 
corners  of  a  room,  or  one  comer  and  objects  against  the  intersecting  walls.  The 
three  points  A,  B*,  C  represent  the  outside  comers  of  a  building.  Ihe  madiema* 
tics  involved  in  computing  the  desired  distances  is  somewhat  simpler  for  this  case. 
The  ambiguity  resultiz^  from  the  fact  that  B  and  B'  iq>pear  at  the  same  angle 
cannot  be  removed  by  observance  of  angles.  Other  cues  must  be  used  by  the  ob¬ 
server  or  the  computer  in  selecting  the  correct  answer.  Of  course,  a  human  being 
usually  has  no  trouble  determining  whether  he  is  sensing  the  "inside  of  a  room"  or 
the  "outside  of  a  building. "  The  use  of  such  points  in  distance  measurement  is  so 
commonplace  that  we  do  not  always  remember  that  the  entire  process  had  to  be 
"learned.  "  And  since  it  has  been  learned,  it  provides  a  very  convenient  means  of 
producing  illusions,  especially  in  the  motion  picture  industry.  We  customarily 
measure  the  size  of  objects  and  distances  on  a  screen  by  comparing  them  mentally 
with  things  we  have  seen.  A  photogri^h  of  an  accurate  miniature  model  cannot  be 
distinguished  from  a  photogr^h  of  the  real  object. 


C 


Figure  12.  Moat  Important  Particular  Case. 
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Tbm  procedure  of  meaeuring  dletence  by  meene  of  trigonometry  ie  perfectly 
acceptable  for  a  computer.  But  people*  and  all  other  kinds  of  living  creatures* 
learn  to  Judge  distance  with  a  reasonable  degree  of  accuracy  without  resorting  to 
such  means. 

The  wide*angle  directional  sensor  of  Figure  5  provides  an  entirely  different 
means  of  measuring  distances.  Siq^se*  for  example*  that  this  wide-angle  sensor 
is  placed  successively  in  the  series  of  positions  shown  in  Figure  13*  and  assume 
that  the  distance  to  one  object  A  in  the  field  of  view  is  known.  If  the  series  of 
positions  is  in  a  strai|^  line  as  shown*  objects  nearer  than  A*  such  as  B  and  D* 
will  i^fipear  in  the  field  of  view  from  a  smaller  number  of  positions*  and  objects 
such  as  C  farther  away  than  A  will  appear  from  a  larger  number  of  positions.  (The 
asterisks  indicate  the  number  of  objects  in  the  field  of  view  at  each  position. )  Such 
simple  distance  comparisons  mig^t  easily  be  made  by  a  chicken's  eye*  as  the 
chicken  walks  in  a  straight  line.  It  should  perhaps  be  noted  here  that  motion  of  any 
of  the  points  in  the  field  of  vision  could  very  easily  cause  false  interpretations  of 
distance.  For  example*  if  point  C  should  move  rapidly  to  position  C  immediately 
after  being  viewed  for  the  first  time*  it  would  appear  to  be  the  same  distance  away 
as  point  A.  dt  would  remain  in  view  from  the  same  number  of  positions. )  Such 
confusion  might  help  explain  why  a  chicken  is  easily  startled  by  rapid  motion  even 
at  a  distance. 

Since  observation  at  a  series  of  points  is  not  always  convenient  (especially  if 
it  is  wished  to  sense  environment  with  a  computer)  an  alternate  simple  means  of 
measuring  distance  is  desirable.  The  same  effect  can  be  obtained*and  a  finer 
degree  of  measurement  achieved*  if  the  wide  angle  directional  sensor  is  allowed  to 


Figure  13.  Simple  Distance  Comparison. 
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only  two  pooitiono  but  Iti  anglo  of  oboorvntlon  i$  mndo  mdivmUbU.  Figuro 
14  ohowo  moMuromenta  boing  mndo  to  tba  objoct  A*D  of  Figuro  13  by  thin  monna* 
(Tho  four  pairs  of  <^s«rvatioas  aro  drawn  saparataly  for  clarity. )  Hara,  distanca 
d  varies  invarsaly  with  tha  tangent  of  half  the  angle  of  observation  a«  since 


d 


K 

2  tan  y 


(13) 


where 

K  »  distance  between  observation  positions  1  and  2« 

Of  course,  the  direction  sensor  of  Figure  4  could  also  be  used  for  the  measure¬ 
ments  illustrated  in  Figure  14,  but  location  of  the  objects  would  be  somewhat  more 
difficult.  Figure  15  illustrates  this  type  of  measurement. 


Figure  14.  Distance  Measurement  by  Adjustable  Wicto-angle  Sensors. 


Figure  15.  Distance  Measurement  Using  Narrowbeam  Directional  Sensor* 


17 


If  w«  allow  aimultanaoua  uaa  of  tha  two  tjpaa  of  oanaora  and  looata  tham  aa 
idiowa  In  Fifiira  16«  than  lha  wida^anid*  aanaor  can  maaaura  diatancaa  whila  tha 
narrow-baam  aanaor  maaauraa  hai|d^«  Botii  Idnda  of  Information  can  than  ba 
dalivarad  to  a  proparlydaaignad  computar  which  ahould  ba  abla  to  datarmlna  a 
raaaonabla  facaimlla  of  ita  environmant. 


Figura  16.  Locatlona  for  Sixnultanaoua  Uae  of  Both  Typaa  of  Sanaora. 


If  thaaa  two  typaa  of  aanaora  can  ba  made  auitably  compact  and  couplaU  to 
moving  parta  of  tha  human  anatomy*  aa  auggaatad  aarliar*  than  tha  changaa  in  out* 
puta  would  automatically  ba  corralated  with  diractiona.  At  laaat  in  thaory*  diay 
ahmild  provlda  a  aat  of  algnala  which  could  ba  intarpratad  aa  tha  anvironmant*  ainca 
tiliara  would  ba  a  ona-to*one  corraapondenca  batwaan  tham  and  tha  anvironmant. 


5.  SPECIFIC  BNVmOMMBNT-SEMSlNQ  PlK^BLElfS 

Since  anvironmant  aanaing  involvaa  ao  many  parametara*  varioua  parta  have 
baan  aalactad  to  ba  conaidarad  aa  aeparata  problama*  Alao«  ainca  tha  conatruction 
of  a  tranaducar  for  uaa  by  human  bainga  ia  a  difficult  problem  in  itaalf*  conaidara- 
tion  of  ita  daaign  will  ba  made  aaparataly.  If  wa  aaauma  that  anvironmant  aanaing 
ia  going  to  ba  parlormad  by  a  mechanical  man  endowed  with  tha  capability  of  pro* 
dueing  movamanta  in  accordance  with  informaUon  racaivad  Brom  anvirmunant 
aanaing  davieaa*  wa  can  avoid*  temporarily*  all  tranaducar  pr^arna.  Elavan 
ralativaly  aimpla*  but  important*  anvironmant  aanaing  problama  have  baan  aalactad 
for  our  maclmnical  man*  whmn  wa  idudl  chriatan  "Edgar* "  to  aolva.  Wa  aaauma 
now  diat  directional  and  wida*angla  aanaora  are  attached  to  Edgar*a  head  ao  that  ha 
can  "look"  in  any  direction. 

5. 1  Problam  1:  Obatacla  Avoidance  (Figure  17a} 

Tha  directional  aanaor  of  Figura  4  ahould  enable  Edgar  to  determine  in  which 
direction  obatacUa  are  located  and  in  which  direction  there  are  none.  Edgar 
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merely  hee  to  rotate  hie  heed  in  order  to  ecen  the  eree  in  front  of  him.  The  eeneor 
ie  required  only  to  dietinguieh  the  difference  between  eeeentially  free  epece  (mily 
distent  objects  present)  end  light  reflected  from  e  neer*by  object. 

5. 2  Problem  2:  Pitfell  Avoldeace  (Figure  17b) 

If  Edger  nods  his  heed  end  moves  it  up  egein«  his  directioneX  sensor  should 
tell  him  whether  the  ground  in  front  of  him  is  level  or  roughs  end  should  indicete 
cleerly  such  things  es  the  sharp  edges  surrounding  e  hole.  (Motion  of  the  sensor 
pest  these  edges  will  produce  e  msjor  change  in  the  response  from  the  sensor's 
I^otoceU. )  The  nature  of  the  difference  between  a  smooth  end  a  rough  surface  is 
not  important.  The  sensor  is  required  only  to  indicate  a  distinguishable  difference; 
that  is,  one  which  is  recognizable. 

5. 3  Problem  3:  Recognition  of  Objectives  (Figure  17c) 

Edgar  may  find  it  necessary  to  scan  his  environment  several  times  in  order  to 
recognise  the  response  his  sensor  gives  as  representing  a  particular  object.  A 
post  of  known  height  and  shape,  such  as  a  public  mailbox  for  instance,  could  be 
recognised  by  several  horisontal  scannings  at  different  levels.  The  difference 
between  people  and  fixed  objects  such  as  trees  or  buildings  should  be  considerably 
simpler  to  recognise.  To  distinguish  one  person  from  another,  however,  would 
probably  not  be  possUsle  tsnless  they  differed  considerably  in  size,  or  wore  clothes 
having  distinguishing  characteristics. 


0 

)e 


0 

nr 


0 

)e 


(a)  Problem  1:  Obstacle  Avoidance 


-  - - - 

(b)  Problem  2:  Pitfall  Avoidance 


X 

(c)  Problem  3;  Recognition  of  Objectives 
Figure  17.  The  Simplest  Environment  Sensing  Problems. 
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0*4  Probl0iii4:  Btartopi  from  Thry  Knoim  Polala  (Flgw  lit) 

This  pr<^«in  is  Idsnlicsl  to  that  of  •ataUiahlag  a  oh^’a  poaltion  with  raapact 
to  thraa  known  points.  Edgar  should  ba  abla  to  maasure  tha  anglas  AOB  and  BOC 
by  using  his  diracticmal  sansor.  If  ha  can  establish  tha  distance  OA,  OB«  or  OC 
by  soma  other  means  •*  for  axampla,  by  triangulation  or  by  using  his  wida*angla 
sensor  -  ha  can  avoid  tha  complaxitiaa  of  trigonometry  or  tha  plotting  board.  It  is 
not  difficult  to  find  axamplas  where  Edgar  would  know  tha  height  of  an  object  at  one 
of  tha  points  A«  B»  C  and  hence  could  easily  determine  its  distance  from  0. 

0.5  Problem  0:  Mhviga^ioii  to  a  Fositioii  Haring  fl|wcified  Bearings  from 
Three  Known  Points  (Figure  18b) 

Edgar  might  eiq>erience  considerable  difficulty  in  going  straight  to  a  position 
having  specified  bearings  from  points  A«  B,  C  in  Figure  18b.  It  would  not  be 
dilficult,  however«  for  him  to  reach  the  desired  destination  by  cmicentrating  on 
one  angle  at  a  time.  Suppose,  for  example,  that  he  notes  that  the  angle  AOB  (a^  in 
Figure  18b)  is  less  than  the  desired  ani^e  a  measured  at  the  point  P  to  which  he 
wishes  to  navigate*  He  may  ignore  Oie  other  angle,  8^,  momentarily  and  move  in 
any  direction  which  increases  the  measured  angle  AOB.  In  Figure  18b  his  selected 
path  makes  angle  AOB  equal  to  a  at  point  Q«  Here,  the  angle  BOC  (labeled  82  ^ 
the  figure)  is  smaller  than  the  desired  angle  ^.  From  point  Q,  he  can  follow  the 
locus  of  points  where  angle  AOB  remains  constant  until  his  measured  angle  BOC  is 
equal  to  the  desired  angle  8*  A  human  being  in  Edgar's  place  should  not  find  it  too 
difficult,  after  some  practice,  to  follow  a  reasonably  straight  path  to  his  objective 
by  using  similar  techniques^  The  fact  that  there  are  two  positions  having  the  same 
angles  e  and  g  could  c<mhise  Edgar  mdess  he  makes  some  distance  measurements 
to  determine  the  relationships  between  the  distances  OB  and  OA  or  OC»  OB  <  OA 
and  OB  <  OC  would  indicate  that  he  is  on  the  o|q»osite  side  of  the  triangle  from  that 
Mwwn  in  Figure  18b.  It  is  unlikely  dmt  a  human  being  would  be  bothered  by  this 
ambiguity,  however,  because  die  points  used  nmst  often  would  be  the  outside 
comers  of  a  buildiag  or  die  inside  comers  ci  a  room,  or  some  similar  set  of 
fteiiliar  points.  (There  are  ci  course  certain  choices  of  angles  vdiich  can  be  satis* 
fied  by  a  number  of  positicms.  The  technique  <tescribed  fails  for  these  angles. ) 

The  two  problems  shown  in  Figure  18  are  considered  to  be  dHficult  enviromnent 
sensing  problems  because  diey  involve  stmultaneous  (or  almost  simultaneous) 
emsidsration  of  several  sets  of  messages  from  die  sensors. 


ao 
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(a)  Problem  4:  Bearings  from  Three  Known  Points. 


<b)  Problem  5:  Navigation  to  Position  Having  Specified  Bearings 
from  Three  Known  Points 

Figure  18.  Difficult  Environment  Sensing  Problems. 


8^6  Pfobiam  6:  Step  Down  (Figure  Ida) 

This  problem  is  similar  to  problem  2  as  far  as  determining  where  ^  edge  of 
the  st^  Is  located.  It  would  be  convenient  If  this  sensor  could  detect  a  dillereace 
between  the  texture  oi  tiie  plane  surface  at  the  bottom  of  the  st^  and  that  of  the 
surtece  at  the  top.  If  the  textures  are  the  same#  Edgar  most  resort  to  die  use  ci 
associated  Informatloo  (such  as  the  Imowledge  diet  he  Is  ipproaching  a  well*laiown 
street#  for  Instance)  to  determine  die  depth  of  die  step.  !n  the  absence  of  such 
Information#  Edgar  most  step  down  slowly  and  essentially  *'feel  his  way.  If  the 
sensor  were  atteched  to  Edgar's  flnger^jte#  he  would  be  able  to  measure  the  d^^ 
ci  the  step  more  accurately  before  stepping  down.  However#  It  Is  doubtful  If  he 
would  care  to  stand  at  the  edge  of  the  step  and  move  his  hands  to  dm  necessary 
positions. 
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k7  Frobtomt:  Stop  Ub  (Figm  i2b) 

Edfftr  should  os^rtonoo  no  difficulty  oithor  in  locating  tho  posiHon  of  tho  "stop* 
up"  or  msssuring  its  hsi^t«  He  would  only  havs  to  nod  his  hosd  to  obtain  two  sharp 
indications  markiag  the  top  and  bottom  of  the  step*  He  could*  however*  forget  to 
nod  his  head  often  enough  and  overlook  a  step  that  he  was  approaching*  The  wide* 
angle  sensor  of  Figure  S  should  help  provide  a  warning  of  hasards  such  as  this 
which  might  be  missed  by  the  more  directional  sensor. 


5. 8  Problem  8:  Low  Bridge  (Figure  18c) 

The  presence  of  a  "low  bridge"  would  be  detected  first  in  the  same  manner  as 
the  presence  of  any  other  obstacle  (problem  1).  Its  presence  would  be  missed* 
however*  if  Edgar  kept  his  head  tilted  downward*  or  if  he  had  an  angle  of  observa¬ 
tion  too  small  for  the  low  bridge  to  be  detected.  (People  who  can  see  sometimes 
bump  their  heads  for  the  same  reasons. )  For  utmost  safety  then*  Edgar  must  scan 
his  environment  both  above  and  below  that  covered  when  his  sensor  is  in  a  hori* 
sontal  position.  Except  for  the  obvious  mechanical  problem  (which  we  neglect)  of 
stooping  to  avoid  the  obstacle*  the  low-bridge  problem  is  not  difficult.  The  lower 
edge  of  the  obstacle  should  be  very  easy  to  detect  in  the  same  manner  that  the  top 
edge  of  the  "step-up"  can  be  detected  (problem  7). 

5»9  Problem  9:  Exit  from  Low  Bridge  (Figure  19d) 

After  stooping  to  avoid  hitting  the  low  bridge*  Edgar  must  "look  up"  to  deter¬ 
mine  when  it  is  safe  to  stand  erect  again*  This  problem  is  very  similar  to  the 
stop-down  problmn*  but  here  he  is  not  concerned  if  there  is  nothing  beyond  the 
"stop;"  that  is*  he  needs  to  measure  toe  height  of  this  "st^-up"  only  if  he  is 
worried  about  a  variable  height  bridge  in  which  he  could  still  bump  his  head*  In 
most  practical  instances*  a  blind  man  would  be  concerned  only  with  such  problems 
as  ducking  under  a  tree  branch  or  a  low  doorway*  Thus*  problems  8  and  9  would 
be  combined  into  one  very  simple  problem* 
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(a)  Problem  6;  Step  Down 
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<b)  Problem  7:  Step  Up 


(c)  Problem  8:  Low  Bridge 
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(d)  Problem  9:  Exit  from  Low  Bridge 

Figure  19.  Environment  Senaing  Problems  Involving 
the  Vertical  Plane 

5. 10  Problem  10:  Recognition  of  Approaching  Vehicle  (Figure  20a) 

The  vibrating  surface  of  a  moving  vehicle  will  cause  Edgar's  sensors  to 
Indicate  a  ditferent  "texture"  from  that  present  when  the  vehicles  are  not  moving. 
This  texture  alone  will  not  always  be  recognisable  as  indicating  motion,  but  it 
tfiould  aid  Edgar  in  keeping  his  sensor  focused  on  the  object  in  question.  Edgar 
needs  to  stand  still  for  only  an  instant  to  determine  how  the  relative  positimi  of  an 
object  is  changing.  If  he  is  concerned  about  i^roaching  vehicles  as  he  is  about 
to  cross  the  street,  the  position  of  the  vehicle  on  the  street  will  also  he^.  He 
should  not  assume  categorically,  however,  that  all  vehicles  will  be  traveling  where 
they  should.  (Many  people  who  can  see  are  killed  by  making  this  assumption. ) 

2. 11  Problem  11:  Recognition  of  Departing  Vehicle  (Figure  20b) 

A  departing  vehicle  and  an  approaching  vehicle  will  indicate  essentially  the 
same  "texture"  to  Edgar's  sensors.  If  he  follows  the  vehicles  with  the  sensor. 


as 


h0v«v«r,  hm  can  aoon  •limiaata  from  cotwidaratioii  thosa  vohiclaa  which  arc  laav- 
iBf  and  thua  eoncantrata  on  Uioaa  which  conatitula  danger. 
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(a)  Problem  10:  Recognition  of  Approaching  Vehicle 
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(b)  Problem  11:  Recognition  of  Departing  Vehicle 
Figure  20.  Recognition  of  Moving  Objects. 


S«  12  Typical  Imrlronment  Senahig  Situation 

Figure  21  Uluatratea  an  environment  in  which  all  eleven  of  the  enumerated 
problema  are  encountered.  Edgar  ia  asked  to  travel  from  hia  preaent  poaition  O 
to  the  door  of  hia  houae  P.  During  ttkis  travel*  he  muat  perform  the  following: 

a.  He  muat  duck  under  the  tree  limb  and  return  to  hia  normal  atance  (problema 
S  and  9  reapectivaly). 

b.  He  muat  avoid  the  open  manhole  (problem  2). 

c.  He  must  recognise  the  familiar  street  lamp  and  mailbox  (problem  3)  in 
order  to  determine  where  to  cross  the  street.  (He  might  also  locate  the  lines 
marked  on  the  street). 

d«  He  must  determine  when  it  ia  safe  to  cross  the  street  (problema  10  and  11). 

e.  He  muat  at^  down  onto  the  street  (problmn  6)  and  up  onto  tbM  sidewalk  on 
the  other  aide  (probl«n  7). 

f.  He  must  avoid  the  small  lamp  post  in  hia  path  (problem  1). 

g.  He  muat  recognise  die  diree  comers  (labeled  A*  B*  C)  of  his  houae 
(problem  3  again). 

h«  He  muat  navigate  to  the  center  of  the  side  wall  of  the  houae  where  he  knows 
that  a  domr  ia  located.  (We  assume  that  the  door  ia  not  readily  recognisable  from  a 
diatance. )  He  may  use  point  D  or  E  as  an  aid  when  he  can  no  longer  see  point  A. 

Many  oi  these  problems  will*  of  course*  be  encountered  again  inside  the 
house  if  he  ia  to  have  freedom  of  motion  without  touching  objects  with  hia  "hands. " 
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Figure  21.  Environment  Involving  All  Eleven  Typical  Probleme 


e.  TSI  TRAMTOUCIR 

A  treneducer  of  the  type  ehown  in  Figure  22  in  considered  more  likely  to  be 
suttetde  Ibr  environment  sensing  information  than  one  which  uses  the  sense  of 
hearing.  The  oscillator  may  be  either  of  fixed  frequency  or  one  in  which  the  fre* 
fuency  varies  with  ^  iigrat;  that  is,  it  may  be  either  amplitude-modulated  or 
hreqyency-modulated,  or  perhaps  both.  In  any  case,  ihm  oscillator's  ou^mt  is 
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Figure  22.  A  Mechanical  Transducer 


controlled  by  the  iiqinit  from  an  amplifier  (part  of  the  tensor  shown  in  Figure  4)« 
which  In  turn  is  controlled  by  the  response  of  the  light-sensitive  cell  C*  Since  a 
mechanical  vibrator  has  a  relatively  sharp  resonant  freqttency«  this  type  of  trans¬ 
ducer  will  be  most  effective  if  the  sense  receptors  also  have  a  maximum  response 
to  some  partieular  frequency.  If  they  show  no  particularly  sharp  maximum 
response  frequency^  the  transducer  will  still  be  effective  if  the  frequencies  which 
produce  a  minimum  response  from  the  sense  receptors  are  avoided. 

If  a  direct  electrical  input  can  be  used«  then  the  mechanical  vibrator  may  be 
eliminated  with  a  resultant  reduction  in  sUe  of  the  transducer.  Such  a  transducer 
is  shown  in  Figure  23. 


Figure  23.  An  Electrical  Transch^er 


If  solid-state  electronic  circuitry  is  used  for  these  transducers*  they  rtiould 
be  small  trough  to  be  attached  to  an  ordinary  pair  of  eyeglasses.  Even  without 
careful  engineering*  they  should  be  of  such  a  sise  as  to  be  carried  easily  in  the  hand. 
In  both  cases  die  power  siqiply  should  be  self-contained. 

Further  study  of  the  transducer  problem  is  needed  both  from  the  electronic  and 
physiological  point  of  view.  The  theoretical  descriptions  of  environment  sensing 
could  also  be  tested  by  using  the  sense  of  hearing*  but  a  truly  practical  finished 
product  should  not  be  expected  from  such  investigations. 
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7.  CONCLUSIONS 

The  argumente  set  forth  have  convinced  the  author  that  a  completely  passive 
environment  sensor  can  be  built*  Its  design  should  be  based  }xpon  data  received 
from  one  or  more  hi^y- directional  light  sensors  and  one  wide-angle  sensor*  The 
transducers  for  coupling  information  from  the  sensors  to  the  brain  require  further 
study  and  experimentation*  However,  since  cmi^ling  through  the  sense  of  hearing 
could  be  used,  the  use  of  the  sense  of  touch  constitutes  a  refinement  aimed  at 
making  the  sensor  practical  for  use  by  the  blind,  who  need  their  hearing  for  other 
purposes*  Passive  environment  sensors  designed  for  use  by  the  blind  could  also  be 
used  for  guidance  of  various  types  of  vehicles  in  environments  where  no  human 
beings  are  available. 
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